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ABSTRACT

The foregur anaromy of 20 species, belonging ro eight genera, of the sub-
family Cochlespirinae is described. A cladistic analysis based on several most
tmportant characters (morphology of proboscis, position of buccal sphinc-
ters, histology of venom gland, pusition of the venom gland opening, struc-
tre of muscular bulb, and marphology of radular teeth) revealed three more
or less well-defined groups within the subfamily. The main feature characte-
rizing the subfamily as a whole and separating groups within ir, appeared o
be the structure of venom gland and its museular bulb. The subgenus
Sibogasyrinx of the genus Lencosyriny was shown ro deserve a genus status.
Some genera appeared to be intermediate between Cochlespirinae and
Crassispirinae in some anatomical characters, and rheir raxonomic position
remains not completely clear.

RESUME

L'anatomie du systéme digestif des Cachlespirinae (Gastropoda, Convidea,
Turridae).

L anatomie du systéme digestif de 20 especes, appartenant  huit genres de la
sous-famille Cochlespirinae, est érudiée. Une analyse cladistique, fondée sur
les plus importants caractéres de ce groupe (la marphologic de la trompe, la
disposition des sphinciers. I'histologie de la glande @ venin, la disposition de
'ouverture de la glande & venin, la structure de la poire musculaire et la mor-
phologie des dents de la radula) a permis de distinguer trois groupes plus ou
moins homogénes. Le caraciére principal, qui permet de caraciériser la sous-
famille et de la diviser en différents groupes morphologiques, est la structure
de la glande & venin et de sa poire mnsculaire. Le sons-genre Sibogasyrinx du
genre Lencosyrinx mérite le siatue de genre. Quelques genres semblent occu-
per une position intermédiaire entre les deux sous-familles Crassispirinae ct
Cochlespirinae, et leur position taxonomique n'est pas encore définitivement
éuablie.
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INTRODUCTION

The superfamily Conoidea is well-defined mor-
phologically due to the presence of venom gland
and highly madified radular teeth, At the same
time the relationships within the superfamily are
still far from being clear, and this is one of the
main problems of the current taxonomy of the
group.

Investigations of phylogenetic relations within
Conoidea and the classification of the super-
family were mainly based on characiers of shell
and radula (e.g., Powell 1966: McLean 1971),
and only recent studies have paid much atention
to the anatomy of digestive system, which is the
most variable and, therefore, the most informa-
tive division,

The first comprehensive analysis of conoidean
anatomy together with radula and shell morpho-
logy was published in 1993 (Taylor er al. 1993).
This demonstrated the importance of anatomical
characters for taxonomic and phylogenctic analy-
sis of the group, Although this study was based
on the anatomy of 72 species, this is stll only a
small portion of living species of the superfamily
(apparently no less than 5000 specics).

In anatomical studics of Conoidea, the very
diverse family 'lurridae is of a special interest.
The family consisws of four currently recognized
subfamilies, viz Turtinae, Clavarulinae, Crassis-
pirinae, and Cochlespirinae, and is characterized
by a radula with a membranc and marginal teeth
usually of wishbone tvpe (Taylor er al. 1993).
The waxonomic position of many representatives
of this fumily und their placement in the sub-
families are still controversial,

Anatomical study of the subfamily Crassispirinac
(Kantor e al. 1997) has shown many inreresting
features and has allowed u clearer definition of
the boundaries of the subfamily. This work has
made evident the necessity of similar studies
devored to other subfamilies, for the complete
analysis of relationships among Turridae and
more reliable separation of subfimilies.
Therefore, the aim of the present study was 10
analyze the anatomy of species of the subfamily
Cochlespirinae and to reveal the morphological
diversity of its representatives with the objective

172

of establishing relationships of this subfamily
with other taxa of Turridae.

MATERIAL AND METHODS

The subfamily Cochlespirinae is considered to
include 22 Recent genera (Taylor ez al. 1993).
The present study covers eight of them, as well as
two genera (Kurilohadalia Sysoev & Kantor,
1986 and Plicisyrinx Sysoev & Kantor, 1986),
which were previously assigned o Crassispirinae
(Taylor et al. 1993). The wo lauer genera can-
not be actually included in Crassispirinae
(Kantor et «l. 1997), and therefore they are pre-
sently cansidered in Cochlespirinae, within
whicl they were originally described (Sysvev &
Kantor 1986).

The study of anatony of Cochlespirinae was
based on 20 species from the Pacific and the
Atlantic, collected from depths of 100 to 7000 m
(Table 1).

The anatomy was studied from longitudinal
scrial sections of the foregut, cut ac 10 pm and
stained in Mason’s triple stain. The radula was
examined by SEM. [n some cases, the results of
hand dissections were also used.

The character analysis was performed using

PAUP version 3.1.1 (Swofford 1993).

ABBREVIATIONS USED IN THE FIGURES
be buccal cavity

blp buccal lips

bm buceal mass

be buecal 1nbe

bisa anterior sphincrer of buccal tube
btss shifting sphincter of buccal tube
cm colummellar muscle

con circunmcsnphageal nerve ring,

ctl connective tissue layer of muscular bulb

cbe sac-like enlargement of buccal tube
ech rhynchodeum cpithelium change
coe oesophugus enlirgement

ep epithehial pad

gre glandular part of rhynchodeum
mb muscufar bulb

0e oesophagus

pb proboscis

pw proboscis wall

rhe rhynchocoel

rhs rhynchostomal sphincrer

thw rthynchodeum wall
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TaBLE 1. — List of cochlespirine species, which have been sectioned. with details of their collection location.
The additlonal material inciuded sections of Megasurcuia carpenteriana (Gabb, 1865), Aforia inoperculata Sysoev & Kantor, 1988, A. circinata (Dall, 1873), A. Jepta (Watson, 1881),
A. moskalevi SysoeV & Kantor, 1987, A, aulaca alaskana Sysoev & Kantor, 1987, A crebristriata (Dall, 1908}, A. abyssalis Sysoev & Kantor, 1987, A. kupriyanovi Sysoev & Kantor,
1987, kindly provided to the author by John Taylor (the first species} and Yuri Kantor {all other species).

Species Campaign Station Depth Location Coordinates
Antiplanes sanctiioannis RN Gidronavt dredge No.41 110 m Paramushir 1d., 50°15'N, 156°29'E
(Smith, 1875). Pacific side

R/ Gidrobiofog stn 124 550 m 48°15°N, 140°41'E
Carinoturris polycaste (Dall, 1919)  R/V Vityaz stn 4179 1258 m North California 42°40" N, 125°00° W
Cochlespira pulchella RV Baruna Jaya, KARUBAR  stn CP 59 405-399 m Indonesia, Tanimbar Is.  08°20’S, 132°11'E
(Schepman, 1913)
Cochlespira radiata (Dall, 1889). RV Marion Dufresne, MD55  stn CP 11 248-262m SE Brazil 23°35'S, 40°06'W
Comitas murrawolga RV Vauban, stn DW 229 445-460 m Southern New Caledonia 22°52'S, 167°13'E
(Garrard, 1961) MUSORSTOM 4
Comitas onokeana vivens RV Dmitry Mendeleev stn 1269, 720 m 14°26'S, 174°29'W
Dell, 1956 Sigsbee trawl
Kurilohadalla elongata RV Vityaz stn 2208 7210-7230 m  Kurile-Kamchatka 49°29'N, 158°41'E
Sysoev & Kantor, 1986. trench, east of North
Zoogical Museum of Moscow Kurile Is.
State University L.¢-22398, paratype
Leucosyrinx (Sibogasyrinx) R/V Baruna Jaya, KARUBAR  stn CP 72 699-676 m Indonesia, Tanimbar Is.  08°36’S, 131°33’E
pyramidalis (Schepman, 1913)
Leucosyrinx verrilli (Dall, 1881) R/V Akademik Kurchatov, stn 1209 1060 m NE Atlantic 13°04'N, 63°06'W
14th cruise

Marshallena philippinarum RN Coriolis, BIOGEOCAL stn CP 260 1820-1980 m Loyalty Basin 21°00'S, 166°58'E
{Watson, 1882}
Plicisyrinx decapitata RIV Vityaz stn 3166 5557 m E South Kurile Is. 44°42,09'N, 153°49°E

Sysoev & Kantor, 1986.
Zoogical Museum of Moscow
State University Lc-22388, paratype
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rs radular sac

rso radular sac opening
rst rliynchostome

sg salivary gland

sgd salivary gland duct
st proboscis stalk

vg venom gland

vgd venom gland duct

HISTORICAL REVIEW OF
COCHLESPIRINAE AND THE PRESENT
CONCEPT OF THE SUBFAMILY

The subfamily Cochlespirinae with the type
genus Cuchlespira Conrad, 1865 was established
by Powell (1942) for a group of fossil and Recent
genera characterized by a “thin fusiform shell,
with sharp, sometimes frilled, peripheral keel”
(Powell 1942: 31), Subsequently Powell (1966)
has synonymized Cochlespirinae wirh Turriculi-
nae Powell, 1942 because of slighe differences
between the subtamilics. According to Powell's
(1966, 1969) concepr of Turriculinae, the sub-
family was racher heterogeneous and included
genera with different seyles of radula, but united
by moderate to large shell size, more or less nar-
rowly fusiform shape, the sinus position on the
shoulder, a tall spire, and a long canal.

McLean (1971) generally enmiployed Powell’s
concept of Turriculinae, bur restricted the sub-
family to genera with a uniform type of radula,
consisting of wishbone marginal weth and a
variously developed (1o absent) central roorh,

In the revision of Conoidea based on anatomical
characters (Taylor ez ¢/, 1993), the authors found
that the type genus of the subfamily, Turricula
Schumacher, 1817, is very close anatomically
representatives ol the subfamily Clavatulinae
Gray, 1833, Therefore, Tirvicula was wansterred
to Clavatulinae and Tuericulinac became a syno-
nym of the latter. This made the name
Cochlespirinac valid for the group consisting of
the rest of Turriculinac sensu Powell. The dia-
gnosis ol Cochlespirinae in Taylor ¢r al. mainly
followed that of earlier authors and was mainly
based on conchological characters, because ana-
tomical data did not give sufficient grounds for
the clear separation of Cochlespirinac from, for
example, Crassispirinac McLean, 1971. There-
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fore, 22 Recent genera (and 6 subgenera) recog-
nized by Taylor ez al (1993) in Cachlespirinae,
were characrerized by the following set of
conchological fearures: shell of medinm to large
size, fusiforni or pagadiform,.with usually mode-
rately elongate canal, generally deep anal sinus
on the shoulder, and usually multdspiral and
smooth (at least initially) protoconch.

ANATOMY

I'his section describes anatomy of the anterior
part of the digestive system and radula of each
species. Unfortunately, many species were repre-
sented by a single specimen, therefore the radula
descriptions are given only for some species.
Besides che original material, we used the dara on
the anatomy of Afaria spp. (Sysoev & Kintor
1987, 1988), with same addiions and correc-
tions based on the study of original preparacions.
Detailed descriptions of these species are given in
the respective papers, and some corrections are

listed in ‘Table 3.

Cochlespira pulchella (Schepman, 1913)
(Figs 15 16A, B}

As the anatomy of C. radiata (Dall, 1889)
(Fig. 16C) differs anly slightly from that of
C. pulchella, the descriprion mostly cancerns
both species, with the differences being specially
indicated.

The rhynchedeum is narrow and long. The
rhynchodeal sphincter is large, in posterior posi-
tion. ‘The change of glandular epithelium occurs
in the firse third of the thynchodeum length in
inverted posidon. The entire part of rhyncho-
deam covered by epithelium similar to that of
proboscis, is evertible.

'The proboscis is long, with a rather large basal
diameter and narrowing apically. At che apical
end of proboscis there are two anterior sphincters
with a sac-like buccal enlargement beeween them
and a medium-sized cpithelial pad. The buccal
tube is almost straighe in the apical part, and
with regular small folds in the basal part. The
lumen of the buccal tube is rather narrow and

ZOOSYSTEMA « 1999 - 21(2)
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FiG. 1. — Cochlespira pulchella, reconstruction based on longitudinal sections through the foregut.

expands greatly in front of the buccal mass.
Proboscis and buccal tube walls are rather mus-
cular, at the base the proboscis wall thickness is
about 19% of the total proboscis diameter, the
buccal tbe wall thickness is about 6G%.

The buccal mass is large, muscular, and situated
posterior to the proboscis. Buccal lips are rather
long, muscular, and inverted, The buccal mass
forms a caecum-like structure with the opening
of radular sac. In C. radiata it is better develop-
cd. The radular sac has a wide opening, and the
buccal sac is absent.

Ducts of salivary glands are long and open on
both sides of radulur sac. Salivary glands arc very
large and acinous. The venom gland opens under
the nerve ring and behind the buccal mass. The
histology of the venom gland does nar change
posterior to the nerve ring, The muscular bulb is
very large (small in C, radiata), comprised by
two oppasitely oriented layers of muscles, and
without a connective tissue layer. The lumen of
the muscular bulb is rather narrow. The ocsopha-
geal loop is very long. The buccal mass is situa-
ted anteriorly, far from the nerve ring. The
oesophagus diameter does not change markedly
behind the nerve ring.

ZOOSYSTEMA « 1999 - 21 (2)

The anatomy of Cochlespira radiata and C. pul-
chella differs only in small details. The radula of
both species has a well-formed central tooth with
a strong central cusp, Marginal teeth of C pul-
chella (Fig. 16A, B) are of the wishbone type
with two limbs. Teeth of C radiata (Fig. 16C)
appear to be longitudinally folded and somewhat
twisted, with a central channel.

Lencosyrinx verrilli (Dall, 1881)
(Fig. 2)

The large rhynchodeum sphincter lies in an ante-
rior position and practically encircles the rhyn-
chastome. The epithelium of the rhynchodeal
wall is glandular and changes histology in the
posterior quarter of the rhynchodeum lengih.
The posterior part of the thynchodeum is lined
by an epithelium similar to that of proboscis, It
is cevertible.

The proboscis is of medium length, with a rather
large diameter, with the apical end loosely coiled
inside the rhynchodeum. At the tip of proboscis,
there are two anterior sphincters and a sac-like
buccal enlargement between them. A well-deve-
loped epithelial pad is situated in frone of the
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Fia. 2. — Leucosyrinx verrilli, reconstruction based on longitudinal sections through the foregut.

first sphincter. The buccal tube is straight.
Probostis walls are not very muscular and uni-
formly thin along their entire length. The wall
thickness is about 7% of the total proboscis dia-
meter and the buccal tube wall thickness is about
6%.

The buccal mass is medium-sized. muscular and
situated posterior to the proboscis. Buccal lips
arc absent. The radular sac opening is rather nar-
row and the buccal sac is absent. Ducts of the
salivary glands arc rather short, weakly coiled and
open on both sides of radular sac. Salivary glands
are very small and ucinous. The venom gland
opens at the boundary of huccal mass by a small
duct. Venom gland histology is unchanged post-
criorly. The muscular bulb is composed of two
layers of longitudinal muscles separated by a
layer of unstructured connective tissue, with an
innermost layer of circular fibres. The muscular
bulb lumen is rather narrow. The oesophagus is
greatly looped. The oesophagus diameter does
not markedly increase behind the nerve ring.
Data on radula are absent.
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Leucosyrinx (Sibogasyrinx) pyramidalis
(Schepman, 1913)
(Figs 3: 161D, E)

The large rhynchodeal sphincter is anterior and
almost encircles the rhynchostome. The epithe-
lium of the thynchodeal wall is glandular,
changes histology in the rear quarter of the thyn-
chodeum lengeh. The posterior part of the rhyn-
chodeum is lincd by an cpithclium similar to
that of probuscis. Tt is cvertible.

The proboscis is long, with rather a large basal
diameter; the apical end is very narrow, rolled up
into a ball, At the proboscis tip there are two
anterior sphincrers and a sac-like buccal enluarge-
ment between them. A distiner epithelial pad is
absent. The buccal tube is straight apically and
folded basally, with a narrow [umen. It gready
expands in front of the buccal mass. Proboscis
and bhuccal mass walls arc weakly muscufar and
thin. In the apical part the wall thickness is
slightly more than 10% of the total proboscis
diameter, whereas the buccal tube wall thickness

ZOOSYSTEMA + 1999 - 21 (2)
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Foregut anatomy of Cochlespirinac

Fia. 3. — Leucosyrinx (Sibogasyrinx) pyramidalis, reconstruction based on longitudinal sections through the foregut.

is only about 4%. The proboscis diameter greatly
increases basally, with a corresponding increase in
the wall 1hickness, whereas the buccal tube walls
remain thin-walled, and rheir thickness becomes
only about 2-3% of the total proboscis diamerer.

The buccal mass is large, weakly muscular, cur-
ved and situated behing the proboscis. Buceal
mass walls are thin, with hardly differentiated
end of buccal mass, because the histology of the
oesophageal wall does not difter from thar of
buccal mass. The difference consists only in the
relative thickness of muscle layers and walls
themselves. Buccal lips are long, inverted and
rather muscular.

The radular sac has a wide opening and lacks a
buccal sac. Duets of salivary glands are long and
open on both sides of radular sac. Salivary glands
are medium-sized and acinous. The venom gland
opens into the ocsophagus beyond the buceal
mass, behund the nerve ring (therefore, it does
not pass through the nerve ring). The duct is
absent. Venom gland histalogy does not change.
The muscular bulb is composed of two opposing
layers of muscles, without a connective rissue
layer. The lumen of muscular bulb is racher nar-
row. The oesophagus is moderately elongated.
The buccal mass is situated not far anteriorly of

ZOOSYSTEMA « 1999 - 21(2)

the nerve ring. The aesophagus diameter greatly
increases behind rhe nerve ring.

The radula (Fig. 16D, E) is very similar to that
of Cochlespira pulchella, having wishbone margin-
al teeth and a well-defined central rooth with a
strong cusp.

Comitas onokeana vivens Dell, 1956
(Figs 4; 5A, B; 17A)

The rhynchodeal sphincter is small, anterior and
situated slightly behind the rhynchostome. The
rhynchodeum wall epithelium is glandular, dif-
fering from thar of proboscis wall. The rhyncho-
deum is not evertible..

The proboscis is long, wide, straight and covered
by regular small folds along the entire length.
The steucture of the proboscis tip Is very pecu-
liar. The muscular wall of proboscis becomes
abruptly very thin and simultancously the extern-
al epithelium changes from high columnar to
very low, No distinct change of epithelium
accurs at the apical end of praboscis. The exter-
nal epithelium is the same as the internal buccal
tube epithelivm.

In the two sectioned specimens (Fig. 5A, B), the
extent of eversion is different. In the place where
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Fic. 4. — Comitas onokeana vivens, reconstruction based on longitudinal sections through the foregut.

the buccal tube becomes more muscular, there
are two small sphincters on both sides of buccal
sac-like enlargement. There arc two glandular
pads in the enlargement.

Morphologically, the structure of this portion
corresponds to that of apical end of the proboscis
with two anterior sphincrers. It is seen (Fig. 5B)
that the buecal tube may evert to such extenc
that this portion appcars practically at the very
end of the proboscis.

The buccal tube has small denscly arranged folds
along its entire length. Proboscis walls arc not
very muscular, with the same thickness along
their entire length. The wall thickness is abou 6-
7% of the roral proboscis diameter, the buccal
tube wall thickness about 10%. The buccal tube
is lined with rather low columnar epithelium,
and becomes larger after heginning of buccal
mass. The oesophagus is lined with columnar
epithelium. The buccal mass is rather large, mus-

178

cular and situated behind the proboscis. Buccal
lips are absent. The oesophageal wall forms not
muscular, rather long but thin lips in front of the
buceal mass.

The radular sac has a wide opening, whilst the
buccal sac is absent. Ducts of the salivary glands
ar¢ rather long and coiled, and open on both
sides of radular sac. Salivary glands are small and
acinous. The venom gland opens near the radu-
lar sa¢, at rhe posterior pare of the buccal mass.
The duct is absent. Venom gland histology does
not change. The muscular bulb is composed of
wwo layers of longitudinal muscles separated by a
layer of unstructured connective tissue. The
outer layer thickness is three to four times more
than that of inner layer. The lumen of the mus-
cular bulb is rather large. T'he oesophagus is
muderately elongated. T'he ocsophagus diameter
does not increase behind the nerve ring,

The radula (Fig. 17A) consists of flat marginal

ZOOSYSTEMA « 1999 « 21 (2)
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Fia. 5. — A, B, Comitas onokeana vivens, reconstruction based on longitudinal sections through the apical part of the proboscis, dif-

ferent extent of the eversion.

teeth thickened on the outer sides, with two flat
plates in the cencral part.

Comitas murrawolga (Garrard, 1961)
(Fig. 17B, ©)

The anatomy of Comitas murrawolga and C. ono-
keana vivens differs only in minor derails.
C. murrawolga has very small buccal lips inverted
into the buccal cavity. Marginal teeth are very
similar to those of C. onokeana vivens, but

ZOOSYSTEMA - 1999 - 21 (2)

C. murrawolga has also a distinct central tooth
instead of two flac plates.

Antiplanes sanctiioannis (Smith, 1875)
(Fig. 6A, B)

The rhynchodeal sphincter is anterior. The epi-
thelium of the rhynchodeal wall is glandular and
differs from that of proboscis wall. The proboscis
is long, wide, straight and covered by regular
small folds along its entire length. The structure
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Fia. 6. — Antiplanes sanctiioanms. A. reconstruction based on longitudinal sections through the foregut; B, apical part of proboscis.

of the proboscis tip is similar to that of Comitas.
The rather muscular wall of the proboscis
becomes abruptly very thin, but, in contrast to
Comitas, without a change in outer cpithelium.
The anterior end of the proboscis is truncated
apically, with a rather long and narrow stalk near
the center of flattencd arca. No distinet change
of epithelium occurs ac the dp of the proboscis.
In the two sectioned specimens, the extent of
eversion is different. In the sccond specimen (not
figured) the thin-walled portion is considerably
shorter, and the buccal mass is situated behind
the proboscis.

At the beginning of the wide portion of the pro-
boscis there are a small sphincter and a sac-like
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buccal enlargement with a long and tall epithelial
pad. The situation is thus similar to that in
Comitas, where the structure of this pare corres-
ponds morphologically to thit of the proboscis
tip, whereas this part is intermediate in its posi-
tion. The buceal tube has small densely arranged
folds along its entire lengch.

The proboscis walls are rather muscular, with the
same thickness : dunb their entire length. The wall
thickness is abour 10-12% of the total p!ub()scm
diameter, whilst the buceal tube wall thickness is
ahout 7-8%. The buccal tube is lined with a
racher low columnar epithelium, becoming taller
after the beginning of buccal mass. The aesopha-
gus is lined with columnar epithelium.

ZOOSYSTEMA + 1999 - 21 (2)
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Fia. 7. — Marshaltlena pnilippinarum, reconstruction based on longitudinal sections through the foregut.

The buccal mass is large, muscular, folded and
situated at the proboscis base. Buccal lips are

long, thin, rather muscular and not evetted. The

radular sac has a wide opening, whilst the buccal
sac is absent. Salivary ducts ate long, coiled, open
on both sides of radular sac. Salivary glands ate
large and acinous. The venom gland opens near
the radular sac, ar the rear boundary of buccal
mass. A duct is absent. Venom gland histology
does not change. The musculat bulb is compo-
sed of two layers of longitudinal muscles separa-
ted by a layer of unstructured connective tissuc.
The thickness of the outer layer is slightly less
than that of the innet. The fumen of the muscu-
lar bulb is small. The oesophageal loop is shore.
Ocsophagus diameter greatly increases behind
the nerve ring,

The radula consists of two marginal teeth, com-
posed of two flac plates.

Marshallena philippinarum (Watson, 1882)
(Figs 7; 17D, E)

The rhynchodeal sphincrer is located in an ante-
rior position. The epithelium of the rhynchodeal
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wall is glandular, bur is developed only in the
anterior part of rhynchodeum. The rhyncho-
deum walls are very thin in the basal pare, and
the glandulat epithelium is represented only by
scattered cells. The rhynchodeum is not ever-
tible.

The proboscis is long, straight, except the apical
patt, and of a small diameter which does not
change alang the proboscis length. The structure
of the proboscis tip is similar to that of
Antiplanes. The muscular wall of proboscis gra-
dually becomes very thin withoura change in the
external epithelium. The proboscis walls are very
thin in the apical part. At the beginning of the
wide portion of the proboscis there is a large
sphincter, whereas a sac-like buccal enlargement
and epithelial pad are absent. The buceal be is
rather strongly coiled inside the proboscis.
I'roboscis walls are muscular in the basal pare.
The wall thickness is about 19% of the total pro-
boscis diameter, with the buccal tube wall thick-
ness about 3-4%.

The buccal mass is very large and muscular. [t is
situated almost perpendicular to the proboscis
and bent so that its end lies almost at the probos-
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Fia. 8. — Kurilohadalia elongata, reconstruction based on longitudinal sections through the foregut.

cis base. In Figurce 7 the buccal mass is shown at
a slightly reduced scale. The nerve ring lies
almost immediately behind the buccal mass, near
the proboscis base, Buccal lips are rather short
but muscular, and not everted. The radular sac is
very short, with a narrow apening, the buccal sac
is absent.

The salivary ducts are long, slightly coiled and
open on both sides of radular sac. The salivary
glands are large and acinous. (The glands and
ducts are not shown in Figure 7). The venom
gland opens Far behind the radular sac, at the
rear boundury of the buccal mass. The duct is
absent. The histology of the venom gland is very
different from usual. A hollow, uncoiled tube
arises from the buccal mass, goes strictly along
the ocsophagus and passes through the nerve
ring. It is lined with a glandular epithelium with
very large cells, the venom granules are absent.
The histology of the venom gland changes just in
front of the muscular bulb, The epithelium
abruptly disappears, and the tube becomes filled

by venom granules. The granules are present also
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in the lumen of the muscular bulb. The muscu-
lar bulb is composcd of two layers of longitudi-
nal muscles separated by a layer of unstructured
connective tissue. The thickness of the outer
laver is slightly less than that of the inner. The
fumen of muscular bulb is small. The oesopha-
gus is slightly clongated. Oesophagus diameter
does not increase markedly behind the nerve
ting, but the nesophagus torms an appendix,
extending berween the thynchodeum wall and
the body wall, The wall of acsophagus is almost
fused with the thin wall of rhynchodeun. The
epithelium of the oesophagus cansists of very
large cells, with a number of regularly arranged,
large, glandular cells.

The radula (Fig. 17D, E) consist only of two

marginal teeth in each row. The teeth are wish-
bone and composed of two nearly equal limbs.

Kurilohadalia elongata Sysoev & Kantor, 1986
(Fig. 8)

The rhynchodeum sphincter is in the anterior
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FiG. 9. — Plicisyrinx decapitata, reconstruction based on longitudinal sections through the foregut.

position but shifted backward. A glandular epi-
thelium is present.

The proboscis is rather long, uncoiled and occu-
pies most of the rhynchodeum. The proboscis
diamerer does not change alang irs length, The
buccal tube is very narrow from the mouth to
the first sphincter. At the tip of the proboscis
there are two anteriar sphincters, the first one
being smaller that the second. There is a sac-like
buccal enlargement between the sphincters. It is
lined with a tall epithelium, differing from the
rest of the buccal tube epithelium. Buccal tube
walls are very thin and rather strongly folded
inside the proboscis.

The proboscis diameter is very large, but the pro-
boscis walls are not very muscular, the wall thick-
ness being ahout 7% of the toml diameter. The
proboscis mostly consists of longitudinal muscles.

The buccal mass is large, situated behind the
proboscis. Buccal lips are long and very muscu-
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lar, whilst the walls of the buccal mass are weakly
muscular. In the radular sac opening therc are
thin and long lips. Salivary ducts are very short,
straight and open into a deep buccal sac. Salivary
glands ase large, with an anastomosing-tubular
morphology. The veivom gland opens ncar the
radular sac by a very short duct.

Venom gland hiscology does not change. The
muscular bulb consists of two layers of large lon-
gitudinal muscle fibres separated by a very thin
layer of structured connective tissue with a thin
innermost layer of circular fibres. The lumen of
muscular bulb is very broad. The oesophagus
diamecter does not increase markedly after the
nerve ring.

The radula consists of two rows of marginal teeth
only. The teeth are elongated, leaf-shaped, slight-
ly curved in profile and consist of two flatrened
parts tightly adjoining each other (Sysoev &
Kantor 1986).
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Fia. 10. — Megasurcula carpenteriana, reconstruction based on longitudinal sections through the foregut.

Plicisyrinx decapitata Sysoev & Kantor, 1986
(Fig. 9)

The rhynchodeum gphincter lies in the anterior
position and shifted backward. The rhynchodeal
wall epithelium differs from that of the proboscis
wall. The rhynchodeum is not evertible.

The proboscis is Jong, with virwally the same
diameter along its entire length, bur the apical
part is narrower. The sac-like buceal enlatgement
and epithelial pad are absent. The buccal tube
sphincter is anterior, the distance from the
mouth o the sphincter is slighdy more than the
tooth length. leeth ate very long. The walls ot
proboscis, buccal tuhe, and oesophagus are very
thin. The proboscis wall thickness is abour 5-
6%, and buceal tube wall thickness is about 2%
of the toral prohoscis diameter. The basal part of
the proboscis is externally covered by a columpar
epithelium with a thin cuticle. The apical part is
covered by a cubic epithelium, also cuticulized,
with a very even surface. The buccal tube is lined
with a rather low columnar epithelium, which
becomes larger after the beginning of buccal
mass. The ocsophagus is lined with a columnar
epitheliym without ciha.

The buccal mass is large, muscular, begins inside
the proboscis and slightly coiled. Buccal lips are
long and muscular. The radular sac opens our-
side the proboscis and the buccal sac is absent.
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Salivary ducts are rather short, of small diameter,
not very coiled, opening rather far from the
radular sac, on both its sides, dorso-laterally and
ventro-laterally. Salivary glands are very small
and intermediate between acinous and tubular.
This type of salivary glands was designated as
modified acinots (Kantor ¢2 o/, 1997). The
venom gland opens near the radular sac, at the
tear boundary of buccal mass. A very short duct
is present. Venom granules appear near the gland
opening. The venom gland histology does not
change along its length, The muscular bulb is
very large, consisting of vwo layers of large longi-
trdial muscle fibres separated by a layee of
structured connective tssuc, with a thin inner-
most layer of circular fibres. The lumen of the
muscular bulb is very broad. The ocsophagus is
medhim elongated. Oesophagus diameter does
not 1ncrease posterior to the nervous ring.

The radula consists of two rows of small, flatcen-
ed, slightly curved, wishbone teeth (Sysoev &
Kantor 1986).

Megasurcala carpenteriana (Gabb, 1865)
(Figs 10: 11)

The thynchodeal sphincter is in the anterior
position, very latge. The sphinceer is formed by
longitudinal muscles. Longitudinal muscle
bunches pass from the sphincter downwatd and
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Fic. 11. — Megasurcula carpenteriana, buccal mass (reconstruction based on longitudinal sections through the foregut).

attach to the rhynchodeum wall. The rhyncho-
deum wall epithelium is not glandular. The
thynchodeum is not evertble.

The proboscis is long, wide and coiled inside the
thynchodeum. At the tip of the proboscis, there
are two anterior sphincters and a sac-like buccal
enlargement between them. The epithelial pad is
absent, The buccal tubhe wall between the two
sphincters is underlain by a layer of large circular
fibres, i.c. there is a kind of long and thin
sphincrer. The buccal tube is folded, with very
thin walls. Proboscis walls are rather muscular
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and of the same thickness along the entire length.
The wall thickness is about 9% of the roral pro-
boscis diameter and the buccal tube wall thick-
ness is about 5%. Between the proboscis base
and the beginning of buccal mass, the buccal
tube is scrongly coiled, very thin, and forms a
rather long loop, which passes along rhe buccal
mass like a wide and thin ribbon.

The buccal mass is large, very muscular, bent and
situated outside of the proboscis. Buccal lips are
absent. The radular sac has a wide opening, the
buccal sac is absent. Salivary ducts are long,
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Fia. 12. — Carinoturris polycaste, reconstruction based on longitudinal sections through the foregut.

stightly coiled and open on both sides of radular
sac. Salivary glands are large and acinous. The
venom gland opens by a short ducr at the border
of buccal mass. The venom gland histology docs
not changc-along its tength. The muscutar bulb
was not located on the slides. The clongartion of
oesophagus is well-expressed, the vesophagus
forms a long loop near the buccal mass. The
oesophagus diameter does not increase after the
nerve ring,

Radular tceth are wishbone, with the distal limb
of the basc detached (Powell 1966).

Carinaturris polycaste (Dall, 1919)
(Lig, 12)

The rhynchodeum sphincter is in the anterior
position, medium-sized, situated around the
rhynchostome. The rhynchodeum wall cpithe-
lium difters from the proboscis wall external epi-
thelium. The rhynchodeum is not evertible.

The proboscis is long, with almost no change in

186

diameter along its length. The apical part is coil-
ed inside the rhynchodeum. The buccal rube
from the mouth 1o the first sphincrer is very nar-
row. At the apical end of proboscis there are two
anterior sphincters, the first one is very small,
with a marked bend and a sac-like buccal enlar-
gement behind it The second sphincter is larger
and situated behind the sac-like buceal enlarge-
menr. There is a large and very high epithelial
pad within the enlargement. The proboscis wall
thickness is about 20% of the toral proboscis dia-
meter, the buccal rube wall thickness is only
about 4%. The buccal tbe is lined with a rather
low columnar epithelium, which becomes taller
after the buccal mass beginning, The oesophagus
is lined with a columnar epithelium. -

The buccal mass is rather large, not very muscu-
lar and sicuated ourside the proboscis. The thick-
ness of the buccal mass wall differs only slightly
from that of the buccal tube. An alieration of
muscle structure of the wall occurs far from the
venom gland opening, as if the venom gland
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TaBLE 2. — Lisl of characlers and stales used in cladislic analysis.

1. Epithelium of posterior rhynchodeal wall: 0, glandular; 1, not.

2. Proboscis length: 0, long: 1, short.

3. Proboscis wall thickness (in % of proboscis diameter): 0, more than 10%; 1, less than 10%.

4. Proboscis tip. 0. typical: 1, Comitas-like.

5. Epithelial pad at lip of buccal tube: 0, present; 1, absent.
6. Anterior buccal tube sphincters: 0, one; 1, two: 2, absent
7. Sac-like enlargement of the buccal fube: 0, present; 1, absent.

8. Shifting buccal fube sphincter: 0. absent: 1, present.
9. Buccal lips. 0. absent; 1. uninvertible; 2, invertible.

10. Position oi tha huccal mass: 0, within ifie proboscis; 1. posterior to the proboscis base; 2, at the proboscis base.

11. Buccal mass sharp: 0, not curved, 1. curved
12. Elongation of the oesophagus. 0, absent; 1, present.

13. Increasing of the oesophagus diameter' 0, absent; 1, present.
14. Salivary glands: 0, acinous; 1, anastomosing tubular; 2, modified acinous.

15. Venom gland duct: 0, present; 1, absent: 2, modilied.

16. Position of opening of venom gland into oesophagus: 0, at the border of buccal mass; 1, behind buccal

mass.

17. Number of muscular layers of the muscular bulb: 0, three layers with the connective tissue; 1, one or two layers

without connective tissue.

18. Orientation of fibres in outer two layers of muscular bulb: 0, similar orientation; 1, opposite orientation.

opens in the middle of the buccal mass. Buccal
lips are large and muscular, with a very narrow
space between them. The radular sac has a wide
opening, and the buccal sac 15 absent. Salivary
ducts are short, straight and open on both sides
of radular sac. Salivary glands are very small and
acinous. The venom glind opens near the radu-

lar sac opening, with a very small duce. The

venom ghind histology does nor change along its
length. The muscular bulb is composed of two
layers of large longitudinal muscles separated by
a layer of unstructured connective rissue, with an
innermost layer of circular fibres. All muscle
fibres are very thin. The lumen of the muscular
bulb is rather wide. The oesophagus is medium
elongated. Ocsophagus diameter does not increa-
se behind the nerve ring,

CLADISTIC ANALYSIS AND RELATION-
SHIPS WITHIN THE SUBFAMILY

The analysis was based on [8 characters recogni-
zed in previous works on Conoidea (Taylor er al.
1993; Kanrtor er al. 1997) (Table 2). Some cha-
racters were somewhat changed, taking into
account rhe peculiarities of the given subfanily:

Character 3. The ratio between the proboscis
wall thickness and the proboscis diameter appear-
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ed to be important in distinguishing some spe-
cies, which possess a large proboscis, but the wall
thickness does not exceed 10% of diameter, and
there are large longitudinal muscles passing along
the buccal tube.

Character 4. It emphasizes the presence of a
chin-walled stalk at the proboscis apical end in
some species.

Character 8. It considers that group of sphinc-
ters which cannot be assigned neither to anterior
nor to posterior (sce Discussion).

Character 13. It considers the sharp alteration in
the histological seructure of the oesophagus wall
1n soeme SPCCIC‘S.

Character 15. An additional state two was inuo-
duced ftor Marshallena philippinarum whose
venom gland changes its histology far behind the
nerve ring whilst the duct is apparendy absent.
The data on some species of Aforia Dall, 1889
were incomplete, becanse only the very anterior
parts of digestive systeni were sectioned.

The analysis was performed with Gemmula
deshayest (Doumet, 1839) raken as an outgroup
(‘Table 3). The data on this species were extracted
from Kantor et al. (1997). Characters 4, 8, 13,
14 and 16 were treated as ordered.

A heuristic search produced 12 equally parsimo-
nious trees (47 steps, consistency index = 0.489,
retention index = 0.718, homoplasy index =
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TasLE 3. — Distribution of character states for the cochiespirine gastropods examined. Details of characters are lisled in Table 2.
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0.511). The trees were rather uniform, and most
branches were supported in all trees. The resolu-
tion of the analysis was poor mostly in branches,
consisting of numerous species of Aforia and in
that including two nearly identical morphologi-
cally species of Cochlespira. This, however; seems
rather natural, because anatomic-al data used in
the analysis, usually do not allow to distinguish
species of a genus.

A surict consensus tree is shown in Figure 15.

TaeLe 4. — Synapomorphies for interior nodes. Nodes numbe-
red as in Figure 15.

Node Synapomorphies
(Character: state)
1 3(1)
2 9(1)
3 5(1)
4 9(1), 14(1)
5 15(1), 17(1)
6 4(1), 6(2), 8(1)
7 3(1)
8 16(1), 18(1)
9 10(2)
10 5(1)
11 2(1)
12 9(2), 11(1)
13 5(1)
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The synapomorphies for internal nodes are listed
in Table 4.

The main result of the analysis was the division
of the taxa studied into three large groups, which
correspond well to those based on esdmation of
key anatomical peculiarities (sce below). These
groups may represent different evolutionary
lincages within the Cochlespirinae, but any raxo-
nomic conclusions scem to be premature, due to
a rather small percentage of cochlespirine genera
covered by the study.

DISCUSSION

ANATOMICAL VARIATION

The subfamily Cochlespirinae is not very diverse
in foregut morphology. It is possible 10 recognize
three types of the foregut organization. The most
importane characters are the position and struc-
ture of venom gland with muscular bulb, while
all ocher characters, such as che position and
struceure of buccal mass, the buccal lips. the sali-
vary glands, and the sphinciers of buccal tube are
either uniform (e.g., salivary glands), or too
variable, even within the genus (e.g., the number
of buccal tube sphincters). Therefore, the ana-

ZOOSYSTEMA « 1999 « 21 (2)




lysis of structure of the whole digestive system
may be based only on the complex of characters.

The presence of glandular epithelium in the
rhynchodeum is characreristic of the majority of
cochlespitines, except Aforia lepta and Mega-
surcula carpenteriana. The same concerns the
protraction of proboscis, which is permicted by
eversion of the posterior part of rhynchodeum.
The rhynchodeum walls in the posterior parr are
not attached to the body walls. During the pro-
boscis protraction, they move together with the
proboscis and become the continuarion of irs
walls, thus making the proboscis substantially
longer. In most cases, excepting most Aforia spe-
cies, there is also a loop of oesophagus situated
behind the buccal mass but anteriot to the nerve
ring. The presence of the loop is connected with
proboscis protraction and provides an addidonal
length to avoid the passage of strucrures, situated
behind the nerve ring, through the ring during
the proboscis protraction (Ponder 1973). The
proboscis is usually long, except in some species
of Aforia. The latter, however, usually possess a
loop of oesophagns, which may indicate that the
proboscis is in a retracted position.

The structure of the apical part of the: proboscis
is rather variable. No species of Cochlespirinae
was found to possess intermediate or posterior
sphincrers. Anterior sphincrers may be absent, as
in Aforia lepea; all other species stndied possess
cither one (e.g. Afria circinata, Plicisyringe deca-
pitata, Marshallena pbilippinavim, Antiplanes
sanctijeannis), or two anterior sphincters. The
sac-like enlargemenc of buccal mass is nsually
present, except in three species (Plicisyring deca-
pitata, Aforia lepta, and Marshallena philippina-
rum), while the epithelial pad is presepr in only
half of the examined species. Different combina-
tions may be found within a genus and even sub-
genus and, as in other subfamilies (Taylor e al.
1993; Kantor et /. 1997), there is no correspon-
dence with orher anaromical characters of the
foregu.

The apical part of the prohoscis is of special
interest in four species: Comitas murrawolga,
C. onokeann, Antiplanes sanctiioannis and
Marshallena philippinarum. In this group of spe-
cies the proboscis narrows abruptly in the apical
part. This results in the formation of a thin stalk
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which is a continuarion of the proboscis and is
two to four times longer that the radular 10orh
length. Inner and outer walls of the stalk are very
thin, hilayered, formed by longicudinal and cir-
cular muscles, and lined with the same epithe-
lium. The wider part of the proboscis contains
one or two buccal sphincters (all species), a sac-
like enlargement (Comizas Finlay, 1926) and an
epithelial pad (Cosmitas and Antiplanes sanctiioan-
nis). In both species of Comitas, at some distance
from the stalk the external columnar epithelium
abruptly changes to a fower cubic epithelium,
identical 1o the inner epithelium of the buceal
tube (Fig. SA, B). There is no such change in the
cpithelium in Antiplanes and Marsballena,
though tn Antzplanes the columnar epithelium of
the outer proboscis wall gradually transfers into
the cubic one on the outer wall of the salk.

The stalk may vary in length in different speci-
mens of Conritas and Antiplanes. When the stalk
length changes. the position of buccal sphincrers
in relation to the proboscis tip also changes
(Fig. 5A, B). The distance from the sphincrer o
the proboscis tip is abour four radular tooth
lengths in Figure 5B, whereas it is abour two
tooth lengehs in Figure SA. Figure 6 shows a spe-
cimen of Anziplanes with the longest stalk, when
the sphincters are most close to the proboscis tip
and the buccal mass lies inside the proboscis
base. Another specimen of Anziplanes (not figu-
red) had a shorter stalk, the distance berwen
sphincters and che proboscis tip was greater, and
the buccal mass was shifted from the proboscis
base ournwards.

It is problemaric to ascribe these sphincrers o a
category. It was suggested to designate sphincrers
as anterior if the distance from a sphincter to the
motth opening does nor exceed 2.5 tooth
lengths (Kantor er #f 1997). [n the sicuarion
under consideration, the position of sphincteis
may vary, taking cither anterior or posterior posi-
rion. Nevertheless, the presence of a sac-like
enlargement and an epithelial pad indicates thac
the sphincters are used for the woth fixation
and, therefore, are functionally anterior. Such
sphincters, varying in position but functioning as
anterior, are designated here as shifting sphinc-
ters.

When discussing the structure of anterior part of
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Fia. 13. — A, Cochlespira puichella, oesophagus portion near the nerve ring, with the venom gland opening; B, Megasurcula car-

penteriana, buccal mass, with the opening of the venom gland duct.

the proboscis, we avoided the use of the term
“mouth”, because it is defined functionally and,
in this case, does not coincide with anaromical
tip of the proboscis. The mouth is usually cha-
racterized by a change of vuter epithelium of the
proboscis wall for the inner epithelium of the
buccal tube, and by an alteration of the wall
muscular structure. Similar changes occur at the
base of the stalk in the species considered. This
fact and identity of the epithelium of inner and
outer walls of the stalk with the epithelium of
the rest part of the buccal tbe allow 1o suggest
that the stalk represents an everted part of the
buccal tube. Hawever, the absence of a distincr
change in epithelium in Marshullena philippina-
rum does not permit to state reliably that the
stalk is homologous it all four spedies.

The buccal mass may be situated either ac the
proboscis base or outside it. There are no specics
of Cochlespirinae examined which possess the
buccal mass inside the proboscis. Buccal lips are
absent in Comitas onokeana vivens, Leucosyriny
verrilli and Megasurcula carpenteriana, in all
others they are present. Both species of Cochie-
spira, one of Aforta, Leucosyrinx pyramidalis, and
Comitas murrawolga have inverted buccal lips. It
is very interesting that in two Comitas specics,
one lacks the buccal lips, and another possesses
inverted buccal lips. 1n other respects, these spe-
cies are virtually identical to each other anatomi-
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cally. This shows that the presence and the posi-
tion of the buccal lips may not be good charac-
ters for the analysis of anatoniy, and may vary
even within a genus.

Salivary glands. excepr in two species, are the
normal acinous type. Anastomosing rubular
glands are present in Aurilohadalia, and the
modified acinous type — in Plicisyrinx. These
types of salivary glands were first described in the
species of the subfamily Crassispirinae (Kantor ez
al, 1997),

The structure of the venom gland itself is similar
in all the species scudied, except Marshallena phi-
lippinrion. The venom gland does not change
its histology in the passage through the nerve
ring and opens directly or by a small duct in the
oesophagus. The location of the venom gland
opening correlates with the siructure of muscular
bulb. When the venom gland opens behind the
buccal mass, the ducr is absent and the muscular
bulb is composed of twa oppositely oriented
muscle layers, with no connective tissue layer.
When the venom gland opens at the buccal mass
border, a very small duct may be present and the
muscular bulb is composed of three muscle
layers. ‘Two outer layers have a similar oriencation
and are separated by a connecuve tissue layer.
The venom gland may also open ar the border of
the buccal mass without a duct. In this situation
the muscular bulb is usually composed of two
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Fic. 14. — Types of foregut organization, A, Aforia spp., Leucosyrinx pyramidalis, Cochlespira puichella, C. radiata; B, Antiplanes
sanctiioannis, Marshallena philippinarum, Comitas onokeana vivens, Comitas murrawolga; C, Carinoturris polycaste, Kurilohadalia

elongata, Leucosyrinx verrilli, Megasurcula carpenteriana.

similarly oriented muscle layers, withour a
connective tissue layer (e.g. Comitas sp., Anti-
planes sanctitounnis). Marshallena philippinarum is
the exception, possessing the muscular bulb com-
posed of a single muscle layer and the venom
gland of a very peculiar structure (see description).
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It is necessary to define the erm “venom gland
duct” (Fig. 13A, B). We consider the venom
gland ducr being present if there is an abrupe
narrowing before the opening and at least a small
part of the gland lacks venom granules. If the
venom gland has a large opening and the venom
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granules are present just near the opening, we
consider the venom gland duct 10 be absent.
Observations herein suggest that the site and the
mode of the venom gland opening, and the
structure of the muscular bulb are closely interre-
lated and very imporiant. In any case, it is now
evident that if the venom gland duct is absent,
the number of muscle layers of the muscular
bulb is reduced o two (and even to one in
Mayshallena). When the venom gland duct is
present, irrespective of its length, the muscular
bulb is composed of three layers. For example,
some Cochlespirinac {(c.g. Curinoturris polycaste,
Kurilohadulia elongatu, Leucosyriny verrills,
Megasurculi carpenteriana, Plicisyrinx decapitata)
have a very short duct, whereas all Crassispirinae
(Kantor et al. 1977) have a long duct, and a very
similar three-layer structure of the muscular
bulb.

As stated above, one of the most important crite-
ria in distinguishing the rhree morphological
groups in Cochlespirinac unexpectedly became
the structure of the venom gland and the muscu-
lar bulb, though similarities and distincrions in
the foregut organization should be also caken
1nto account.

The first group includes 11 species, The princi-
pal characters are the position of the venom
gland opening (beyond the buccal mass) and the
structure of the muscular bulb composed of two
oppositely oriented muscle layers (Fig. 14A).
This graup consists of Aforia spp.. Leucosyrinx
pyramidalis, Cochlespiza pulchella, C. radiara, The
three lateer species have a well-developed oeso-
phageal loop and the distance from the buccal
mass to the nerve ring and, correspondingly, to
the place of the venom gland opening is rather
long. In all species of Aforia this distance is
shorter. In fact, some Aforia species (e.g.. A. mos-
kalevi, A. abyssalis) have an oesophageal loop but
it is not very long. In A, crreinata and A. evebris-
triata, the distance berween the buccal mass and
the nerve ring is very short. However, in all
Aforia species the nerve ring is situated at the
same level as the buccal mass, but laterally. As a
result, the ocsophagus curves behind the buccal
mass and passes along the buccal mass for some
distance. Thus even in species lacking the ocso-
phageal loop, the oesophagus deviates from the
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buccal mass at an angle of about 90°. In many
species (e.g. Leucosyring pyrainidalis, Aforia circi-
nata, A. lepea), the end of the buccal mass is not
clearly differentiated histologically. The buccal
mass wall gradually becomes chinner, almost
withuut a change in histology. A distiner change
occurs only near the nerve ring and behind i,
where oesophagus diameter greatly increases.
This increase is characteristic of Leucosyrinx pyra-
midalis and all Aforin species, including those
having a well-differentiated buccal mass.

The position of the venom gland opening
behind the buccal mass is probably the resule of
an clongation of ocsophagus at the cxpense of
the rear part of the buccal mass. This may be evi-
denced by the absence of clearly differentiated
post-erior end of the buccal mass in some spe-
cies. Ir is possihle to assume that the buccal mass
itself extends to the nerve ring, and the oesopha-
gus expansion after the ring with the changing
oesophagns wall histology represents the end of
the buccal mass. However, both species of
Coachlespira, which are superficially very similar
10 Aforia, have a well-differentiated buccal mass,
a long oesophagus loop, and lack the oesophagus
expansion behind the nerve ring. That is, in
these species the elongation of eesoplagus 100k
place, hut it occurred hetween the huccal mass
and the venom gland opening.

Aforia lepta is a special case. because it complete-
ly lTacks an oesophageal loop, its venom gland
opens at the end af the buccal mass, and the
nerve ring is sitvated just behind. However, the
muscular bulb is also composed of ovo opposite-
ly oriented layers, and the oesophagus expansion
is present. This type of structure looks very pecu-
liar, but it is necessary to take into account that
the original description (Sysvey & Kantor 1987)
was based on a single juvenile specimen, and it
cannot be excluded thar there may be racher sub-
stantial ontogeneric changes.

The second group consists of Antiplanes sanc-
titoannis, Comitas murrawolga, C. onokeana
vivens, and Marshallena plulippinarum, with the
latter species occupying a special position. This
group is characterized by the suucture of the
muscular bulb composed of two muscular lavers
with similar orientation (or one muscular Jayer in
Marshallena philippinarum); and the venom
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Gemmula deshayesi

Aforia inoperculata

13 I__—Leucos yrinx pyramidalis

Cochlespira pulchella

Cochlespira radiata

Aforia circinata

Aforia lepta

Aforia moskalevi

Aforia aulaca alaskana

Aforia crebristriana

5 Aforia abyssalis
il |:—Aforia kupriyanovi

Antiplanes sanctiioannis
T Comitas murrawolga

7 l——Cornitas onokeana vivens

Marshallena philippinarum

Carinoturrnis polycaste

__|_——_K urilohadalia elongata
4 Plicisyrinx decapitata

Megasurcula carpenteriana

Leucosyrinx verrilli

FiG. 15. — Strict consensus tree.

gland opening at the boundary of the buccal
mass, without a duct (except in Marshallena phi-
lippinarum) (Fig. 14B). An additional character
is the structure of the proboscis apical part, with
a stalk and shifting sphinctets. Marshallena phi-
lippinarum was assigned to this group for several
reasons. In spite of the unique structure of the
venom gland (see description) and the presence
of only one layer in the muscular bulb, the latter
is very similar ro that of all other species of this
group, and the structure of the apical end is also
approximately the same.

The third group includes Carinoturris polycaste,
Kurilobadalia elongata, Leucosyrinx verrilli,
Megasurcula carpenteriana, and Plicisyring decapi-
tata (Fig. 14C). These species have no clearly
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expressed features, and cannot be assigned to the
two other groups. In general, besides the three-
layered muscular bulb with very large muscle
fibres, they are characterized by a weakly coiled
proboscis with a large and uniform diameter.
The proboscis diameter is mostly occupied not
by walls (less than 10% of the total diameter)
but by longitudinal muscle bunches. The venom
gland does not change its histology and opens by
a small duct at the border of the buccal mass.
The muscular bulb is composed of three muscu-
lar layets, two outer having a similar orientation
and separated by a layer of connective tissue. The
exception is Carinoturris polycaste, which pos-
sesses a very thin proboscis wall. Its muscular
bulb is composed by very thin fibres. The size of
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Fia. 16. — Radulae of Cochlespirinae. A, B, Cochlespira pulchella; C, Cochlespira radiata; D, E, Leucosyrinx (Sibogasyrinx) pyrami-
dalis.

the fibres is very important, as it will be shown  Kurilohadalia elongata and modified acinous in
below. Other types of salivary glands also occur  Plicisyrinx decapitata, previously recorded in the
in this group, i.e. anastomosing tubular in  Crassispirinae (Kantor ez a/. 1997).
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Fig. 17. — Radulae of Cochlespirinae. A, Comitas onokeana vivens, B, Comitas murrawolga - middle part; C, Comitas murrawolga,

initial part; D, E, Marshallena philippinarum.

SHELL AND RADULAR MORPHOLOGY

Shell characters appeared to be rather poorly cor-
related with features of foregut anatomy. It may
be only mentioned that members of the first
group, separated by anaromical characters and in
the cladistic analysis, possess a typical cochlespi-
rine elongated fusiform shell with a long anterior
canal and weak axial sculpture, Species of the
second group have stouter shells with shorter
canals and well-developed sculprure (excepr for
Antiplanes). The third group is very hetero-
gencous in shell characters corresponding o the
wide anatomical variation. However, no shell
character was found to strictly correlate with a
feature of the foregut anatomy, or a set of anato-
mical characters.

The radular morphology of cochlespirines had
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previously been assigned to the wishbone rooth
type (Tavlor er al. 1993). Robust. short, and curv-
ed marginal teeth with a knife-like cutting edge
were found in Antiplanes sanctitoannis (Kantor &
Sysoev 1991; Taylor er 2l 1993). Teeth of
Aforta spp. (Sysoev & Kantor 1987) are similar
to teeth of Antiplanes.

Among the species studied, more or less rypical
wishbone tecth were found in Lencosyring pyra-
midalis (Fig. 16D, E) and Marshallena philippi-
narum (Fig. 17D, E). They are quite comparable
to the marginal teeth of many Crassispirinae {e.g.
Inguisitor- and Hindsiclava-type teeth — see
Kantor ez al. 1997).

At the same time, the marginal teeth of both spe-
cies of Comitas studied seem to be not true wish-
bone. At an early stage of formartion, they
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resemble a broad flat plate thickened apically and
on outer sides (Ilig. 17C). Later, the weeth become
more similar to wishbone: the lareral thickenings
become more distinet and appear like the separate
limbs of a typical wishbone toth. This process is
more pronounced in C. murrawolga (Fig. 178,
C), whereas in €. onokeana the teeth remain flat
and poorly differentiated (Fig. 17A). Never-
theless, a complete separation of tath limbs
does not oceur in any of Comitas species.

The tecth of species of Cochlespirie are somewhart
different. In C. pulehella, they are of a normal
wishbone form, with a narrow limb (Fig. 16A, B)
whercas the tecth of C. radiatu (Fig. 16C)
consist of a longirudinally folded plate, forming a
central canal, and rescmble cnrolled hollow
teeth, recognized by Taylor er al. (1993) for
Pilsbryspira. It may be also added that the diversi-
ty of Cochlespira tecth seems to be rather high, as
indicated by drawings of radula of different spe-
cies (Powell 1966: figs 17-20).

The central touth may be variously developed:
from a well-formed plate, with a strong cusp and
clearly dcfined boundarics, as in Cochlespira
(Figs 16A-C), to a weak formartian, which looks
like a membranc fold rather than a tooth (c.g.,
Comitas onokeana, Tig. 17A). It should be men-
tioncd thac the central pare of the radula of
C. onokeand at crly stages of formation shows
two scparate plates instead of a single tooth. This
may indicate that the ceneral “tooth” is actually a
producr of fusion of two tecth, and supports the
idca of Kantor & Sysocv (1991) on the origin of
central tooth in Antiplanes.

No correlation was found between the anatomy
of digestive system and radular morphology in
any of the species studied.

COMPARISON WITH OTHER
SUBFAMILIES OF TURRIDAE

This article is the second in the series of works
concerning Turridae, and in the first paper
(Kantor et al. 1997) short descriptions of all sub-
families were given. Thercfore, here we will
mainly compare the two conchologically similar
and best studied subfamilies: Cochlespirinae and
Crassispirinae.
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The subfamily Crassispirinae is characterized by
very diverse structure of proboscis, buccal mass,
and salivary glands. The proboscis structurc is so
variiable not only within the subfamily, but even
within the genera and subgencra, that a tatal of
13 types of forcgut organization have been reco-
gnized. The most characteristic featurcs of the
subfamily are as follows: the presence of the
rhynchodeam glandular epithelium. the abilicy
of the rear part of rhynchodmm to evert during
the proboscis protraciion, the position of the
ocsophagus clangarion usually between the buc-
cal mass and the nerve ring, with a more or less
long ocsophagus loop, the presence of non-
glandular venom gland duct. and the change in
its histology behind the nerve ring, the presence
of three-layered muscular bulb, with a layer of
connective tissue (the bulb is composed by small
fibres and the rwo outer layers have a similar
oriemation) (Taylar et al. 1993; Taylor 1994;
Kantor er al. 1997).

The first two characters are present also in
Cochlespirinae. Thus, the most characteristic
features of this family become as follows: the
absence of change in the venom gland histology
behind the nerve ring in all groups; the complete
absence of venom gland duct and, correspondly,
the two-layered muscular bulb, without any
connective tissue, or the presence of a small duct
and the three-lavered muscular bulb, like in cras-
sispirines. In cochlespirines the muscular bulb,
with @ similar organizadion and arrangement of
muscle layers, is composed of very large fibres,
distinguishable even av a small magnification,
whercas in crassispirines they arc very small and
farm a compact layer.

Representatives of boch subfamilies are rather
well distinguishable conchologically, when typical
forms are considered. Species of the subfamily
Crassispirinae are generally characterized by a
small claviform shell with a rather well-developed
sculprure, while the shell of typical cochlespirines
is fusiform. with a long antcrior canal and a
racher weak sculpture. Buc many rcprgscn[atives
( g Plicisyrin) represent intermediate variants
in conchological characters, and it is thus difhi-
cult to separare reliably these subfamilies only by
the shell.

Anatomy of six species of Clavatulinae has been
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described: Turrecula nelliae spurius (Hedley,
1922), Turricula javana (Linnaeus, 1767),
Toxiclionella wumida (Sowerby, 1870), Clionella
sinuata (Born, 1778}, Clavatulu cacrulea
(Weinkauft, 1875), C. muricate (Lamarck, 1822)
(Kantor 1990; Taylar 1985, 1994, Taylor et al.
1993). The main difference of Clavarulinac from
Cochlespitinae and all other trrid subfamilies is
the position of the buccal mass inside the pro-
boscis, near the mouth. As in Cochlespirinae, the
buccal sphineters in Clavatulinae may be cither
present or absent. Oeasophageal loop is similar
to that in some Cochlespirinae and Crassis-
pirinae. Venom gland opens in rthe buccal mass.
The structure of muscular bulb is somewhat dif-
ferent from that in Cochlespirinac: the bulb is
composed of two similarly oriented layers, with a
connective tissue between layers.

A detailed comparison with Turrinac is currently
rather difficult, due to jusufticient dara on this
subfamily, Features characteristic of Turrinae
often oceur also in Cochlespirinae. For example,
ocsophageal loop may be absent, venom gland
does not change its histology anterior to the
nerve ring and opens at the buecal mass bounda-
ry by a short duct. However, the structure of
muscular bulb ditfers from that found in all
Cochlespirinae: its bulb is composed of two simi-
larly oriented layers, with a connective tissue bet-
ween layers. Another distinguishing character of
Turrinae is the rhynchodeum lined with gland-
ular epithelium along its entire length (Leviten
1970, cit. after Taylor ez al. 1993; Taylor et al.
1993; Taylor 1994).

SYSTEMATIC CONCLUSIONS

The darta obrained confirm that the main part of
the subfamily Cochlespirinac represents an ana-
tomically distince group, differing from other
subfamilies of Turridae¢ in several minor but
constant characters, At the same time, the subfa-
mily in its currently adopred volume seems not
to constitute a monophyletic group,

A special note should be made on the systematic
position of the five species belonging to the third
anatomical group. The cladistic analysis showed
that four of the five species (Kurilohadalia elon-
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gata, Leucosyrinx verrilli, Megasurcula carpenseria-
nay and Plicisyrinx decapitara) are clearly separa-
ted in all cladograms, whercas Carinoturris
polycaste occupies an isolated position and is a
sister-group of all species from the fiest and
second anatomical groups. The group of the four
species is defined on the cladogram by a single
synapomorphy (rclarively very thin walls of the
proboescis); but evolutionary and funcrional
significance of this character is unclear. In fact,
the chird anatomical group is somewhar interme-
diate in its morphology berween Crassispirinac
and Cochlespirinac and possesses some charac-
ters of both subfamilies. Conchologically, some
of the raxa are also similar to representatives of
both subfamilies and earlicr were alternately
referred ro the Crassispirinac or to the
Cochlespitinae (e.g. Kurilohadalia and Plicisyrinx
— see above)

Tivo species of the genus Lencosyriny were refer-
red to different groups in boch cladistic and ana-
romical analyses. These species belong to
different subpenera: Leucosyrinx Dall, 1889 s. str.
(verrilli, rype species of rhe genus) and
Stbogasyrinx Pawell, 1969 (pyramidalis, type spe-
cies of the subgenus). The greae differences in
anatomy indicate that these subgenera are not
closely related, and the rank of the subgenus
Stbogasyrinx should be raised to a full genus,
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